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MOTOR DRIVE CIRCUIT WITH 
EMERGENCY AUXILIARY POWER SUPPLY 

ENERGIZED BY MOTOR 

BACKGROUND OF THE INVENTION 

This invention relates to a motor drive circuit for driving 
an electromotor with a permanent magnet rotor and a stator 
comprising one or more stator windings, the motor drive 
circuit comprising an excitation circuit for exciting the stator 
windings, a signal generation circuit for generating an 
emergency control signal which indicates a failure of the 
excitation of the stator windings, and an auxiliary power 
supply circuit for extracting electric energy from the motor 
in response to the emergency control signal and supplying 
the extracted energy to an auxiliary circuit, the auxiliary 
power supply circuit comprising a recti?er circuit inserted 
between at least one stator winding and the auxiliary circuit. 
The invention further relates to a data reading and/or 

recording apparatus comprising a motor for driving in a 
rotating fashion a disc having a recording layer, a read/write 
head arranged opposite the recording layer and movable in 
a radial direction relative to the disc, an actuator for moving 
the head and a positioning control means for energizing the 
actuator, and a motor drive circuit as de?ned in the opening 
paragraph. The positioning control means is coupled to the 
auxiliary power supply circuit for its energy supply. The 
positioning control means is arranged to cause the magnetic 
head to be moved to an idle position in response to the 
emergency control signal. 
A motor drive circuit of this type as well as data read 

and/or recording (apparatus in the form of a so-called 
magnetic hard disc drive are known, for example, from U.S. 
Pat No. 4,371,903. 
The use of a motor drive circuit of the type de?ned in the 

opening paragraph is especially interesting for use with 
magnetic hard disc drives. With these hard disc drives an air 
cushion is developed between the read/write head and the 
disc as a result of the high speed of rotation of the disc, thus 
avoiding mechanical contact between the head and the disc. 
If the drive motor is de-energized as a result of a power 
failure, the rpm. of the motor and thus the speed of rotation 
of the disc is reduced. In order to prevent the head from 
contacting the disc when the motor is de-energized, the head 
is moved to an idle position by an electrically driven actuator 
before the disc speed has dropped below the critical value. 
The required electric power is extracted from the drive 
motor which is used as a generator in the case of a power 
failure. 

Generally, the motor drive circuit and the logic circuits 
preferably have the same supply voltage. For reducing heat 
dissipation in the logic circuits, low voltages of the order of 
several volts are preferably chosen for the power supply of 
the logic circuits. If the motor used is also designed for these 
low voltages, the problem will occur that the voltage gen 
erated by the motor while acting as a generator is too low for 
the actuator to be energized for moving the head because the 
generated voltage is only several volts. The useful voltage, 
however, is even considerably less as a result of the rela 
tively large voltage drop across the diodes included in the 
recti?er circuit. It is an object of the invention to provide a 
motor drive circuit by which electric energy having a 
considerably higher voltage level can be extracted from the 
motor once the motor has been de~energized. 

SUMMARY OF THE INVENTION 

According to the invention this object is achieved by 
means of a motor drive circuit as de?ned in the opening 
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2 
paragraph, characterized in that the drive circuit comprises 
a short-circuit means for short-circuiting at least one stator 
windingcoupled to the recti?er circuit, and a control means 
coupled to the short-circuit means for causing the stator 
winding(s) coupled to the recti?er circuit to be temporarily 
intermittently short-circuited. 
As a result of the stator windings being short-circuited, 

the current in the stator winding will increase to a relatively 
large value. The moment the short-circuit state is terminated, 
a large voltage will be induced in the stator winding as a 
result of the available self-inductance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further explained hereinafter with 
reference to the drawing, in which: 

FIG. 1 shows an embodiment of a reading and recording 
apparatus according to the invention, 

FIG. 2 shows an embodiment of the motor drive circuit 
according to the invention, and 

FIG. 3 shows a circuit to be used in the motor drive circuit 
shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED EMBODI 
MENTS 

FIG. 1 shows an embodiment of a data reading and 
recording apparatus. The apparatus shown relates to what is 
commonly referred to as a magnetic hard disc drive. The 
apparatus comprises a disc 1 to be rotated by a motor 7. The 
disc 1 is covered by a magnetic recording layer 2. Data may 
be customarily written on and read off of the magnetic layer 
2 by means of a magnetic head 3 which is radially movable 
in relation to the disc in a direction indicated by an arrow 4. 
When the head 3 is moved, it is driven with the aid of an 
actuator 5. The actuator 5 is controlled by an auxiliary circuit 
which in this case is a positioning control means 8 of a 
customary type for controlling the actuator 5 in response to 
an emergency control signal. As a result the head 3 is moved 
to an idle position in which it is incapable of contacting the 
recording layer 2. 

The emergency control signal is usually generated when 
there is a power failure of the motor 7. As a result, the r.p.m. 
of the disc will drop. With a falling r.p.m. of the disc 1 the 
air cushion between the rotating disc 1 and the head 3 can 
no longer be maintained. By moving the head to the idle 
position when there is a power failure of the motor, the head 
3 is prevented from contacting the recording layer and, as a 
result, damaging the layer and itself. 

For a detailed description of the positioning control means 
as well as generation of the emergency control signal, 
reference may be made, for example, to EP-A 0 224 378, 
GB-A 2 121 589 and US. Pat. No. 4,371,903, which 
documents are considered to be incorporated in the descrip 
tion by reference. 
The motor 7 is a permanent magnet DC motor which 

drives the disc 1 rotating around an axis 6. Such a motor 
comprises a permanent magnet rotor and a stator having one 
or more stator windings. The motor 7 is energized by a 
motor drive circuit 9. In addition, the motor drive circuit 9 
generates the emergency control signal and applies same 
through a signal line 10 to the positioning control means 8. 
Furthermore, the positioning control means 8 is energized 
from the motor drive circuit 9 through the supply lines 11 
and 12. 
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FIG. 2 provides a detailed representation of an embodi 
ment of the motor drive circuit 9. The motor drive circuit 9 
comprises a positive supply terminal 20 and a negative 
supply terminal 21 which are to be connected to a DC 
voltage source for feeding the motor drive circuit. The motor 
drive circuit 9 further includes three output terminals 22, 23 
and 24 connected to stator windings 25, 26 and 27 respec 
tively, in a star con?guration, of motor 7. The star point of 
the stator windings is denoted by a reference numeral 28 and 
preferably is connected to ground potential. The stator 
winding 25 can be connected to the positive supply terminal 
20 by an electronic switch 25a and to the negative supply 
terminal 21 by an electronic switch 25b. The stator winding 
26 can be connected to the positive supply terminal 20 by an 
electronic switch 26a and to the negative supply terminal 21 
by an electronic switch 26b. The stator winding 27 can be 
connected to the positive supply terminal 20 by an electronic 
switch 27a and to the negative supply terminal 21 by an 
electronic switch 27b. The switches 25a, 25b, 26a, 26b, 27a 
and 27b are rendered conductive and are shut off by a 
commutation circuit 29 generating the required control 
signals S1, . . ., S6. The commutation circuit 29 is of a 
customary type operating the switches according to a cyclic 
pattern, in which the stator windings are energized with 
currents that generate a magnetic ?eld of rotation as a result 
of which a rotary movement of the permanent magnet rotor 
is effected. The commutation instants may be determined 
depending on the rotor position as is customary in brushless 
DC motors. The rotor position may then be determined with 
the aid of magnetic sensors installed along the rotating rotor. 
The rotor position may also be determined on the basis of the 
counter-electromotive force induced in the stator windings 
by the rotor. The commutation instants may also be inde 
pendent of the rotor position as is customary in synchronous 
motors. The switches 25b, 26b and 27b are bridged by what 
is commonly referred to as ?y back diodes 25c, 26c and 270. 
A junction 30 between these switches 25a and 25b is 
connected via a ?y back diode 25d to a terminal 31 of a 
capacitor 32. Another terminal 33 of the capacitor 32 is 
connected to the negative supply terminal 21. A junction 34 
between the switches 26a and 26b is also connected to the 
terminal 31 via a ?y back diode 26d. A junction 35 between 
the switches 27a and 27b is also connected to the terminal 
31 via a ?y back diode 27d. Furthermore, the positive supply 
terminal 20 is connected to the terminal 31 via a diode 36a. 

The terminals 31 and 33 are further connected to the 
respective power supply lines 11 and 12 for supplying 
electrical energy to the positioning control means 8. 
The motor drive circuit according to the invention com 

prises a short-circuit means for short-circuiting at least one 
of the stator windings of the motor. In the embodiment 
shown in FIG. 2 the short-circuit means comprises three 
electronic switches 25e, 26e and 27e which are connected 
between the terminals 22, 23 and 24 respectively, and the 
star point 28 connected to ground potential, and thus bridge 
the respective stator windings 25, 26 and 27. 

In response to the emergency control signal, the short 
circuit means 37 alternately causes the switches 25e, 26e and 
27e to open and close for temporarily intermittently short 
circuiting the stator windings 25, 26 and 27. The short 
circuit means 37 may comprise, for example, an oscillator of 
a customary type producing, when activated, a binary peri 
odic output signal. 

For generating the emergency control signal, the motor 
drive circuit comprises a signal generator 36 which produces 
a signal when there is a power failure of the motor 7. Such 
a circuit may comprise, for example, a voltage detector of a 
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4 
customary type connected to the supply terminals 20 and 21 
which detects whether the supply voltage has dropped below 
a speci?c minimum level. 
The operation of the circuit is as follows. During normal 

operation the motor drive circuit is fed through the power 
supply terminals 20 and 21. The stator windings 25, 26 and 
27 are alternately connected to the power supply terminals 
20 and 21 in a cyclic switch pattern. As a result, the stator 
windings are supplied with AC currents driving the motor 7 
and, consequently, the disc 1. 
The positioning control means 8 receives its supply 

voltage via the diode 36a. The moment the stator windings 
25, 26 and 27 are de-energized as a result of a failure of the 
supply voltage between the supply terminals 20 and 21, the 
signal generator 36 will generate the emergency control 
signal. 

This emergency control signal is applied to the position 
ing control means 8 which, in response thereto, energizes the 
actuator 5 so that the latter moves the head 3 in the direction 
of the idle position. In addition, the short-circuit means also 
receives the emergency control signal and will be activated 
thereby. During this operation the switches 25e, 262 and 27e 
are alternately opened and closed. In the closed position the 
stator windings 25, 26 and 27 are short-circuited. Since the 
still rotating permanent magnet rotor generates inductance 
voltages in the stator windings 25, 26 and 27, the current in 
the stator windings will increase up to the moment when the 
situation of short-circuiting is interrupted again. After the 
interruption the current ?owing in the stator winding will be 
maintained as a result of the self-inductance of the stator 
windings. These currents charge the capacitor 32 via the 
dimes 25c, 250', 26c, 26d, 27c and 27d. For that matter, said 
diodes form a so-called three-phase recti?er inserted 
between the terminals 22, 23 and 24 and the capacitor 32. 
When the capacitor 32 is being charged, the current will 
gradually diminish until the stator windings in a next period 
of short-circuit are short-circuited again and the currents will 
increase again. By thus alternately short-circuiting the stator 
windings and interrupting this condition, the kinetic energy 
available in the motor and disc is converted into electric 
energy and supplied to the capacitor 32. Since the power 
supply lines of the positioning control means 8 are con 
nected to the terminals 31 and 33 of the capacitor 32, the 
power supply to the positioning control means is maintained 
after the supply voltage between the voltage terminals has 
dropped during the running period out of the motor 7. This 
period of time is su?icient to move head 3 to the idle 
position. 
Though not necessary, it is preferable to control the 

voltage across the capacitor 32 to a constant value. This may 
be effected in a simple manner by making the switch pattern 
of the switches 25e, 26¢ and 27e depend on the voltage level 
across the capacitor. For example, it is possible to adjust the 
ratio between the time intervals in which the stator windings 
are short-circuited and the time intervals in which the 
short-circuit condition is interrupted. Another option is to 
deactivate the short-circuit means and thereby interrupt the 
short-circuiting of the stator coils once a speci?c upper limit 
R1 has been reached by the voltage across the terminals 31 
and 33, until the voltage across the capacitor 32 has dimin 
ished below a lower limit R2. When the lower limit is 
reached, the short-circuit means 37 is re-activated after 
which the short-circuit condition is alternately caused to 
occur and be interrupted. 

FIG. 3 shows by way of example a circuit for activating 
and deactivating the short-circuit means 37. 
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The circuit shown comprises a so-called feedforward 
comparator circuit formed by an operational ampli?er 40 
whose inverting input is connected to a reference voltage 
URI. The non-inverting input is connected to the terminal 
31 through a :resistor 41 and to the output of the operational 
ampli?er 40 through a resistor 42. The output signal of the 
operational ampli?er 40 may be used as a control signal for 
activating and deactivating the short-circuit means. 
The power supply to short-circuit means 37 and to the 

operational ampli?er 40 is to be maintained when the power 
supply on the supply terminals 20 and 21 fails. Therefore, 
the power supply is to be provided by a separate power 
supply circuit. The circuit 37 as well as the ampli?er 40 are 
preferably supplied through the terminals 31 and 33. 

It should be observed that the invention is not restricted to 
the embodiments described hereinbefore. For example, it is 
possible to provide a short-circuit switch for a part of the 
stator windings in lieu of all the stator windings. Altema 
tively, in lieu of bridging the stator windings by means of the 
short—circuit switch, it is possible to insert the short-circuit 
switch between the terminals of the motor (in the embodi 
ment shown in FIG. 2 they are the terminals 22, 23 and 24). 

Neither is it necessary, for that matter, that all of the 
short—circuit switches be closed simultaneously. It is also 
possible to operate the short-circuit switches in an alternat 
ing fashion. 

It should further be observed that the invention is not 
restricted to multiphase motors, but that the invention is 
likewise applicable to single-phase motors. 

In addition, it should be observed that, basically, the 
switches 25a, 25b, 26a, 26b, 27a and 27b may also be used 
for temporarily short-circuiting the stator windings. How 
ever, this is disadvantageous in that these switches are 
adapted for switching high currents. Operating such 
switches for high currents requires relatively much electric 
power. This is contrasted with separate switches 25a, 26e 
and 27 e which only need to be activated in the case where 
the motor is operated as a generator and where, compared 
with normal motor operation, only small currents need to be 
switched. 

Since it is desirable to conserve the available energy once 
the main power supply has failed, the use of separate 
switches for short-circuiting the stator windings is thus to be 
preferred. The motor drive circuit according to the invention 
is pre-eminently suitable for use in combination with so 
called hard disc drives. The use of the motor drive circuit, 
however, is not restricted to this application. Basically, the 
motor drive circuit is suitable for any use for which it is 
desirable in the case of a power failure to maintain the power 
supply to circuits for a brief period of time for carrying out 
necessary actions or operations. 
We claim: 
1. A motor drive circuit for driving an electromotor having 

a permanent magnet rotor and a stator comprising one or 
more stator windings, the motor drive circuit comprising: an 
excitation circuit for exciting the stator windings, a signal 
generation circuit for generating an emergency control sig 
nal which indicates a failure of the excitation of the stator 
windings, and an auxiliary power supply circuit for extract 
ing electric energy from the motor in response to the 
emergency control signal and supplying the extracted energy 
to an auxiliary circuit, the auxiliary power supply circuit 
comprising a recti?er circuit coupled between at least one 
stator winding and the auxiliary circuit, a short-circuit 
means for short-circuiting the at least one stator winding 
coupled to the recti?er circuit, and a control means coupled 
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6 
to the short-circuit means for causing the at least one stator 
winding coupled to the recti?er circuit to be temporarily 
intermittently short-circuited. 

2. A motor drive circuit as claimed in claim 1, wherein the 
control means controls the short-circuiting of the one stator 
winding in response to a voltage level of the energy supplied 
to the auxiliary circuit in a manner such that said voltage 
level remains substantially constant. 

3. The motor drive circuit as claimed in claim 1, wherein 
the auxiliary power supply circuit is coupled to the short 
circuiting means for supplying power to the short-circuiting 
means. 

4. Data reading and/or recording apparatus comprising: a 
permanent magnet DC motor for rotatably driving a disc 
having a recording layer thereon, a magnetic read/write head 
arranged opposite the recording layer and movable in a 
radial direction relative to the disc, an actuator for moving 
the magnetic read/write head and a positioning control 
means for energizing the actuator, and a motor drive circuit 
for said DC motor comprising; an excitation circuit for 
exciting the stator windings, a signal generation circuit for 
generating an emergency control signal which indicates a 
failure of the excitation of the stator windings, and an 
auxiliary power supply circuit for extracting electric energy 
from the motor in response to the emergency control signal 
and supplying the extracted energy to said actuator, the 
auxiliary power supply circuit comprising a recti?er circuit 
coupled to at least one stator winding, a short-circuit means 
for intermittently short-circuiting the at least one stator 
winding in response to said emergency control signal, 
wherein the positioning control means receives its energy 
supply from the auxiliary power supply circuit, and wherein 
the positioning control means, via the actuator, causes the 
magnetic read/write head to be moved to an idle position in 
response to the emergency control signal. 

5. A motor drive circuit for a motor having a rotor and a 
stator including one or more stator windings, the motor drive 
circuit comprising: 

at least one voltage supply terminal, 
switching means coupled to said at least one voltage 

supply terminal and to said one or more stator wind 
ings, 

means for operating said switching means in a sequence 
so as to produce a rotating ?eld in the motor that will 
interact with the rotor to rotate the motor, 

means for generating an emergency control signal when 
the voltage at the voltage supply terminal drops below 
a given voltage level, 

an auxiliary circuit adapted to be operated when the 
emergency control signal is generated, 

an auxiliary power supply circuit including a recti?er 
circuit coupled to at least one stator winding and the 
auxiliary circuit so that electric energy is transferred 
from the motor to the auxiliary circuit in response to the 
emergency control signal, and 

short-circuit means coupled to said at least one stator 
winding and controlled by said emergency control 
signal so as to intermittently short-circuit said at least 
one stator winding. 

6. The motor drive circuit as claimed in claim 5 wherein 
the motor comprises at least a second stator winding coupled 
to said recti?er circuit and to said short-circuit means so as 
to be short-circuited intermittently when said emergency 
control signal is generated. 

7. The motor drive circuit as claimed in claim 6 wherein 
said short-circuit means comprises ?rst and second elec 
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tronic controlled switched connected in parallel with respec 
tive ones of said stator windings. 

8. The motor drive circuit as claimed in claim 5 ?rrther 
comprising: 

a storage capacitor coupled to said voltage supply termi 
nal, said recti?er circuit and said auxiliary circuit, and 

control means operative when the emergency control 
signal is generated for controlling the short-circuit 
means as a function of the capacitor voltage level so as 
to hold said voltage level substantially constant. 

9. The motor drive circuit as claimed in claim 5 wherein 
said auxiliary circuit comprises: 

an actuator for driving a magnetic head of a magnetic 
disc, 

position control means responsive to said emergency 
control signal for energizing the actuator to retract the 
magnetic head to a safe position upon the occurrence of 
the emergency control signal, and wherein 

said short circuit means includes at least one further 
switch which is separate and distinct from said switch 
ing means. 

10. The motor drive circuit as claimed in claim 5 wherein 
said motor comprises a DC motor with a permanent magnet 
rotor and at least two stator windings, and 

said short-circuit means comprises ?rst and second con 
trolled switches coupled to respective ones of said 
stator windings whereby, when the emergency control 
signal is generated said ?rst and second controlled 
switches are operated at dilferent times. 

11. The motor drive circuit as claimed in claim 5 wherein 
said motor comprises a DC motor with a permanent magnet 
rotor and at least two stator windings, and 

said short-circuit means comprises ?rst and second con 
trolled switched couples to respective ones of said 
stator windings, said switched being operated simulta 
neously. 

12. The motor drive circuit as claimed in claim 11 wherein 
said ?rst and second switches are connected in parallel with 
respective ones of said stator windings and are alternately 
opened and closed when the emergency control signal is 
generated. 

13. The motor drive circuit as claimed in claim 5 wherein 
said emergency control signal generating means comprises 
a signal generator connected to said voltage supply terminal 
and responsive to the voltage thereat and said short-circuit 
means intermittently short-circuit said at least one stator 
winding when the emergency control signal is generated. 

14. A motor drive circuit for a motor having a rotor and 
a stator including one or more stator windings, the motor 
drive circuit comprising: 
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means for supplying an energizing voltage to said stator 

windings to operate the motor, 
means for generating an emergency control signal when 

the energizing voltage for said stator windings drops 
below a given voltage level, 

an auxiliary power supply circuit for extracting electric 
energy from the motor windings in response to the 
emergency control signal and supplying the extracted 
energy to an auxiliary circuit, the auxiliary power 
supply circuit comprising a recti?er circuit coupled 
between at least one stator winding and the auxiliary 
circuit, and 

short-circuit means coupled to said at least one stator 
winding and controlled by said emergency control 
signal so as to intermittently short-circuit said at least 
one stator winding thereby to derive from said one 
stator winding a relatively large voltage su?icient to 
operate said auxiliary circuit. 

15. The motor drive circuit as claimed in claim 14 wherein 
said short-circuit means comprises a controlled switch con 
nected in parallel with said at least one stator winding. 

16. The motor drive circuit as claimed in claim 14 wherein 
said short-circuit means includes at-least one controlled 
switch which is a part of said energizing voltage supply 
means. 

17. The motor drive circuit as claimed in claim 14 wherein 
the motor comprises at least a second stator winding coupled 
to said recti?er circuit and to said short-circuit means so as 
to be short-circuited intermittently when said emergency 
control signal is generated. 

18. The motor drive circuit as claimed in claim 17 wherein 
said short-circuit means comprises ?rst and second con 
trolled switches coupled to respective ones of said stator 
windings. 

19. The motor drive circuit as claimed in claim 18 wherein 
said ?rst and second switches are connected in parallel with 
respective ones of said stator windings whereby a high 
voltage is generated in said stator windings. 

20. The motor drive circuit as claimed in claim 19 wherein 
said auxiliary circuit comprises: 

an actuator controlled by said emergency control signal 
for driving a magnetic head of a magnetic recording 
device, and the motor drive circuit further comprises; 

a storage capacitor coupled to said auxiliary circuit and to 
said recti?er circuit so that, when the emergency con 
trol signal is present, the storage capacitor stores a high 
voltage generated in the stator windings. 

* * * * * 
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